The most rapidly evolving regions of galaxies often display complex optical spectra with emission lines excited by massive stars, shocks and accretion onto supermassive black holes. Standard calibrations (such as for the star formation rate) cannot be applied to such mixed spectra. In this paper we isolate the contributions of star formation, shock excitation and active galactic nucleus (AGN) activity to the emission line luminosities of individual spatially resolved regions across the central 3 × 3 kpc 2 region of the active barred spiral galaxy NGC 613. The star formation rate and AGN luminosity calculated from the decomposed emission line maps are in close agreement with independent estimates from data at other wavelengths. The star formation component traces the B-band stellar continuum emission, and the AGN component forms an ionization cone which is aligned with the nuclear radio jet. The optical line emission associated with shock excitation is cospatial with strong H 2 and [Fe II] emission and with regions of high ionized gas velocity dispersion (σ 100 km s −1 ). The shock component also traces the outer boundary of the AGN ionization cone and may therefore be produced by outflowing material interacting with the surrounding interstellar medium. Our decomposition method makes it possible to determine the properties of star formation, shock excitation and AGN activity from optical spectra, without contamination from other ionization mechanisms.
INTRODUCTION
The combination of spectral diagnostics and spatial information makes integral field spectroscopy a powerful tool for unveiling the physical processes driving galaxy evolution. Over the past 40 years, astronomers have used the luminosities and ratios of emisEmail: rdavies@mpe.mpg.de sion lines as diagnostics for a range of galaxy properties, including the principle power source(s) (Baldwin, Phillips & Terlevich 1981; Veilleux & Osterbrock 1987; Kewley et al. 2001 Kewley et al. , 2006 , star formation rate (SFR; e.g. Kennicutt 1998; Jansen, Franx & Fabricant Kobulnicky & Kewley 2004; Pilyugin & Thuan 2005; Liang et al. 2007; Yin, Liang & Zhang 2007; Kewley & Ellison 2008) , ionization parameter (e.g. Kewley & Dopita 2002; Levesque & Richardson 2014) , temperature and density of the ionized gas (Osterbrock & Ferland 2006) . These diagnostics have been extensively applied to data from large single fibre galaxy surveys, revealing important relationships between stellar mass and the global SFR (SFR main sequence; Daddi et al. 2007; Elbaz et al. 2007; Noeske et al. 2007) , the metal content (mass-metallicity relation; Tremonti et al. 2004 ) and the fraction of galaxies hosting an AGN (Kauffmann et al. 2003; Baldry et al. 2004 ). More recently, emission line diagnostics have also been applied to integral field observations of galaxies, providing insights into how the metal content (e.g. Rich et al. 2012; Sánchez et al. 2014; Ho et al. 2015) , gas properties, and principle ionization mechanism(s) (e.g. Rich, Kewley & Dopita 2011; Davies et al. 2014a,b; Dopita et al. 2014; Ho et al. 2014 ; Leslie et al. 2014; Belfiore et al. 2016; Davies et al. 2016) vary within individual galaxies. The addition of spatial information has opened up many new avenues in the study of galaxy evolution -for example, making it possible to place strong constraints on the inflow and outflow histories of galaxies (e.g. Ho et al. 2015) and allowing us to directly observe the suppression and triggering of star formation by AGN feedback (e.g. Croft et al. 2006; Elbaz et al. 2009; Cano-Díaz et al. 2012; Rauch et al. 2013; Cresci et al. 2015; Salomé, Salomé & Combes 2015) .
Emission line diagnostics are powerful probes of the physical conditions and processes occurring within galaxies, but many diagnostics require stringent assumptions about the nature of the ionization mechanisms contributing to the observed spectra. For example, the Hα λ6563 luminosity scales with the number of ionizing photons produced in massive stars and is therefore commonly used as an SFR indicator. However, Hα can also be collisionally excited and is therefore not an accurate SFR indicator in the presence of shocks or the ionizing radiation field of an AGN. Similarly, many of the emission line ratios used in metallicity and ionization parameter diagnostics depend on the shape of the ionizing radiation field and therefore these diagnostics are calibrated for spectra dominated by a single ionization mechanism (usually star formation; e.g. Kewley & Dopita 2002) . Galaxies undergoing rapid phases of evolution (through processes such as galaxy-galaxy interactions and outflows) are prime laboratories for studying galaxy evolution, but often have multiple ionization mechanisms contributing to their optical line emission (e.g. Rich, Kewley & Dopita 2011; Leslie et al. 2014; Rich, Kewley & Dopita 2015) . It has therefore been very difficult to calculate the star formation rates and metallicities of these galaxies in the past. Separating the line emission of these galaxies into contributions from individual ionization mechanisms would make it possible to calculate the star formation rates and metallicities without contamination from other ionization mechanisms.
The [N II]/Hα vs. [O III]/Hβ diagnostic diagram is commonly used to separate galaxies dominated by star formation from galaxies dominated by more energetic ionization mechanisms 1 (Baldwin, Phillips & Terlevich 1981; Veilleux & Osterbrock 1987; Kewley et al. 2001; Kauffmann et al. 2003) . Galaxies dominated by star formation lie along a chemical abundance sequence (Dopita & Evans 1986; Dopita et al. 2000) . Galaxies with significant contributions from ionization mechanisms more energetic than star formation lie along the AGN branch of the diagnostic diagram, which spans from the enriched end of the star-forming sequence towards larger [N II]/Hα and [O III]/Hβ ratios. (The label 'AGN branch' is somewhat of a misnomer, because shock excitation and evolved stellar populations can also produce line ratios along this branch of the diagram; e.g. Fosbury et al. 1978; Binette et al. 1994; Stasińska et al. 2008; Rich, Kewley & Dopita 2011 .) The presence of a more energetic ionization mechanism increases the collisional excitation rate in the nebula, enhancing the ratios of the forbidden [N II] and [O III] lines to the Hα and Hβ recombination lines.
To first order, the greater the fraction of the line emission associated with shock excitation and/or AGN activity, the greater the enhancement in the diagnostic line ratios and the further along the AGN branch a galaxy will lie. The AGN branch is therefore often referred to as a global mixing sequence. Kewley et al. (2006) With the advent of integral field spectroscopy, it is now possible to conduct detailed studies of how the diagnostic line ratios and the relative contributions of different ionization mechanisms vary within individual galaxies. Integral field studies of AGN host galaxies have revealed tight line ratio sequences between the star formation and AGN dominated regions of the [N II]/Hα vs.
[O III]/Hβ diagnostic diagram (Scharwächter et al. 2011; Davies et al. 2014a,b; Dopita et al. 2014; Belfiore et al. 2015; Davies et al. 2016) . The line ratios often vary radially, from AGN-like line ratios in the centres of galaxies to H II-like line ratios at larger galactocentric distances. These radial trends suggest that the line ratio variations are primarily driven by variations in the relative contributions of star formation and AGN activity across AGN host galaxies.
Similarly, tight mixing sequences between star formation and shock excitation have been observed in galaxies impacted by processes such as galaxy-galaxy interactions and outflows (e.g. Rich, Kewley & Dopita 2011 (Veilleux & Osterbrock 1987; Kewley et al. 2006) . Seyfert AGN are characterised by larger [O III]/Hβ ratios and smaller [S II]/Hα ratios than shocks. In galaxies with mixing sequences between star formation and shock excitation, the spaxels with the smallest line ratios are often found in the nuclear regions where the star formation is strongest, and the line ratios increase towards larger galactocentric distances as the relative contribution of star formation (shock excitation) to the line emission decreases (increases).
Some galaxies display line ratio distributions which are not consistent with starburst-AGN or starburst-shock mixing sequences, but are produced by significant contributions from star formation, shock excitation and AGN activity (e.g. Leslie et al. 2014; Rich, Kewley & Dopita 2015) . When three ionization mechanisms are present, there is no clear correspondence between the diagnostic line ratios and the relative contributions of different ionization mechanisms to the observed line emission. In these cases, an alternate method must be used to separate the spectra into their underlying components. Davies et al. (2016) presented a new method for separating the spectra of individual spaxels of integral field datacubes into contributions from different ionization mechanisms. We demonstrated that the line luminosities of the spectra of individual spaxels along the starburst-AGN mixing sequences of NGC 5728 and NGC 7679 are well represented by linear superpositions of the line luminosities of representative H II region and AGN narrow line region (NLR) basis spectra. Here, we extend this method to galaxies with significant contributions from three ionization mechanisms. Specifically, we test how well our method can separate emission associated with star formation, shock excitation, and AGN activity in the local AGN host galaxy NGC 613, which shows clear evidence for all three of these ionization mechanisms. Section 2 of this paper describes our observations and data processing, and discusses the ionization mechanisms contributing to the emission line signature of NGC 613. Our method is outlined in Section 3, and maps of the emission associated with each of the ionization mechanisms are presented in Section 4. The caveats associated with our method are discussed in Section 5 and our conclusions are summarised in Section 6. (de Vaucouleurs et al. 1991) with clear evidence for current star formation, shock excitation (Falcón-Barroso et al. 2014) , and AGN activity (Goulding & Alexander 2009 ). The kiloparsec-scale radio structure of the galaxy (as imaged by the NRAO VLA Sky Survey at 1.4 GHZ) reveals enhanced star formation activity at the ends of the bar, as well as enhanced nuclear emission.
NGC 613 was observed as part of the Siding Spring Southern Seyfert Spectroscopic Snapshot Survey (S7), an integral field survey of 130 nearby (z 0.02), southern (declination < 10
• ) AGN host galaxies conducted using the ANU 2.3m telescope at Siding Spring Observatory . We observed the central 38 × 25 arcsec 2 region of NGC 613 at a position angle of 130
• for a total of 2400s. The observations were conducted using the high resolution red grating (covering λ = 530-710 nm, with a spectral resolution of R = 7000 at λ = 620 nm, corresponding to a velocity resolution of 43 km s −1 ) and a lower resolution blue grating (covering λ = 340-570 nm, with a spectral resolution of R = 3000 at λ = 468 nm, corresponding to a velocity resolution of 100 km s −1 ). Full details of the observations can be found in Dopita et al. (2015) . Figure 1 shows the WiFeS footprint overlaid on a Cerro Tololo Inter-American Observatory (CTIO) 0.9m B-band image of NGC 613 (Eskridge et al. 2002) . The angular effective radius of NGC 613 is 65 arcsec, and therefore our S7 observations cover only the central region of the galaxy. The Full Width at Half Maximum (FWHM) of the spatial Point Spread Function (PSF) for the WiFeS observations was 1.5 arcsec, corresponding to a physical resolution of ∼190 pc. The AGN NLR is well resolved in our observations (see Figure 4 ).
Data Reduction and Processing
The data were reduced using the Python pipeline PYWIFES, which performs overscan and bias subtraction, interpolates over bad CCD columns, removes cosmic rays, derives a wavelength solution from the arc lamp observations, performs flat-fielding to account for pixel-to-pixel sensitivity variations across the CCDs, re-samples the data and errors into cubes and finally performs telluric correction and flux calibration. Absolute photometric calibration of the data cubes was performed using the Space Telescope Imaging Spectrograph (STIS) spectrophotometric standard stars 2 . The wavelength solutions have a root mean square (RMS) error of 0.05Å across the entire detector (Childress et al. 2014) , and the typical absolute spectrophotometric accuracy of the flux calibration is 4 per cent.
Emission line fitting was performed using the IDL toolkit LZ-IFU (Ho et al. 2016) . LZIFU feeds each spectrum into the penalized pixel fitting routine (PPXF; Cappellari & Emsellem 2004) , which fits the stellar continuum emission as a linear combination of the model stellar spectra from González Delgado et al. (2005) . The errors output by PYWIFES are taken into account when calculating the penalized likelihood of each template combination.
Our primary aim in fitting the continuum is to correct for the underlying stellar continuum and its features, in particular the Balmer absorption lines which impact the determined emission line strengths. The top left panel of Figure 2 shows the nuclear spectrum of NGC 613 in grey, the best fit superposition of stellar templates in blue and the fitting residuals in green (regions around the centres of the strongest emission lines have been masked). The stellar population fit reproduces the strong Balmer absorption series blueward of 4000Å, indicating that the fit provides a reasonable estimate of the stellar absorption under the Hα and Hβ emission lines. The stellar continuum fit is subtracted from the original spectrum, leaving the emission line spectrum. The emission line fluxes and ionized gas kinematics are extracted from the emission line spectra using the IDL Levenberg-Marquardt least squares fitting routine MPFIT (Markwardt 2009 ). We do not detect any broad (σ 1000 km s −1 ) Hα or Hβ emission and therefore we assume that the emission lines are produced in H II regions, shock excited regions and/or the AGN NLR. Each emission line spectrum is fit three times independently -once with a single component, once with two components and once with three components. Each component consists of a set of Gaussian functions (one associated with each emission line) which all have the same width (velocity dispersion) and velocity offset (relative to the input spectroscopic redshift). The PYWIFES errors are propagated through the emission line fitting process to produce the error on the flux measured for each emission line in each kinematic component of each spaxel.
An artificial neural network (ANN) called LZCOMP (Hampton et al. 2017, accepted) was employed to determine which of the emission line fits (with 1, 2 or 3 kinematic components) best represents the emission line spectrum of each spaxel. The ANN uses the signal-to-noise ratios (S/N) and reduced χ 2 values of the emission line fits to determine how many kinematic components can be robustly detected in a given spectrum. Weak kinematic components (which account for a small percentage of the total emission line flux) can be recovered even if they are only robustly detected in one or two of the strongest emission lines. However, for the majority of this study we are only able to use components for which all the required diagnostic lines (Hα λ6563, Hβ λ4861, [N II] λ6583, [S II] λλ6716, 6731 and [O III] λ5007) are detected with S/N > 5. We take each spaxel assigned more than one kinematic component and check whether all five of the diagnostic lines in all of the kinematic components are detected with S/N > 5. If not all of the diagnostic lines pass the S/N threshold, the number of kinematic components assigned to that spaxel is reduced by one. This maximises the number of components we are able to use in our study whilst having minimal impact on the total emission line fluxes measured for each spaxel.
The top right panel of Figure 2 shows a map of the number of kinematic components assigned to each spaxel for this study. Approximately five per cent of the spaxels are assigned two components, with all remaining spaxels assigned one component. None of the spaxels have all the required emission lines detected in three kinematic components.
The bottom panel of Figure 2 shows the fits to the [O III]+Hβ, On the other hand, the spaxel assigned two kinematic components shows very irregular and asymmetric line profiles, with clear evidence for a prominent broad component which is blue-shifted with respect to the narrow component.
Evidence for Three Ionization Mechanisms in the S7
Spectra of NGC 613
NGC 613 is an excellent test case for our method because it shows clear evidence for star formation, shock excitation and AGN activity (see e.g. Hummel et al. 1987; Hummel & Jorsater 1992; Goulding & Alexander 2009; Falcón-Barroso et al. 2014) . In the following sections we analyse continuum and line emission maps, line ratio maps, diagnostic diagrams and kinematic information, to demonstrate that all three ionization mechanisms contribute significantly to the line emission within the observed region of NGC 613. The integrated continuum emission and the recombination line (Hα and Hβ) emission show similar spatial distributions but with a 2 arcsec (∼260 pc) offset between their peaks. The integrated continuum emission primarily traces emission from older stellar populations, and decreases smoothly with galactocentric distance but is elongated in the NW -SE direction (along the projected direction of the galaxy bar). On the other hand, the recombination line emission is expected to be excited primarily by ionizing photons from young, massive stars. The recombination line emission is also elongated in the NW -SE direction, but peaks to the south of the galaxy nucleus, suggesting that the majority of the current star formation is occurring in the circumnuclear regions.
Continuum and Line Emission Maps
The [O III] emission peaks 1.4 arcsec (∼180 pc) to the north of the galaxy centre and is elongated in the NE -SW direction -approximately perpendicular to the elongation observed in the recombination line emission, and aligned with the inner radio jet structure detected by Hummel et al. (1987) . The different spatial distributions of the recombination line and [O III] emission suggest that multiple ionization mechanisms are likely to contribute significantly to the observed line emission across the central re- gion of NGC 613. The recombination line strengths are primarily determined by the atomic gas density, whereas the forbidden line strengths are strongly dependent on the local collisional excitation rate and are therefore sensitive to the presence of a hard ionizing radiation field and/or shocks. The stellar ionizing radiation field may therefore be the dominant ionization mechanism to the NW and SE of the galaxy nucleus (as traced by the recombination line emission), whereas shock excitation and/or AGN activity may be responsible for ionizing the majority of the gas to the NE and SW of the nucleus (as traced by the [O III] emission).
Diagnostic Diagrams and Line Ratio Maps
The relative contributions of different ionization mechanisms to the line emission across the nuclear region of NGC 613 can be probed quantitatively using line ratios. Panels a) and c) of Figure  4 In these and all subsequent diagnostic diagrams we only include spectra for which all five diagnostic lines are detected to at least the 5σ level. The data are colour-coded according to the ratio on the x-axis of the diagnostic diagram.
The diagnostic power of the emission line ratios allows for the use of classification lines to separate spectra dominated by different ionization mechanisms. The solid black curves on both diagnostic diagrams trace the Kewley et al. (2001) The line ratios of individual spaxels in NGC 613 fall along a tight line ratio sequence spanning from the star-forming region to the AGN/shock/pAGB region of the diagnostic diagrams. This line ratio sequence is likely to be driven by spatial variations in the fraction of emission associated with star formation and the fraction of emission associated with more energetic ionization mechanisms. Panels b) and d) of Figure 4 show maps of the [N II]/Hα and [S II]/Hα ratios. Only spaxels in which all five diagnostic lines are detected are included in these line ratio maps. The smallest line ratios are observed to the NW and SE of the galaxy nucleus, consistent with our hypothesis that these regions are dominated by star formation (see Section 2.3.1). The largest line ratios are observed to the NE of the nucleus where we observe a strong excess in the [O III] emission relative to the recombination line emission (see Figure 3 ), consistent with this region being dominated by more energetic ionization mechanisms. We also observe a small enhancement in the line ratios to the SW of the nucleus. The nucleus itself and the regions to the N, E, S and W of the nucleus have intermediate line ratios, suggestive of mixing between spectra associated with multiple ionization mechanisms.
The diagnostic diagrams and line ratio maps provide us with a clearer picture of how the fraction of emission associated with star formation varies across the nuclear region of NGC 613, but do not assist us in determining which ionization mechanism(s) are responsible for enhancing the forbidden line strengths to the NE and SW of the nucleus. 
Kinematics
Shock fronts are characterised by large velocity gradients, and therefore velocity dispersion is a key parameter for identifying shocks in galaxy spectra (e.g. Rich, Kewley & Dopita 2011; Ho et al. 2014) . Panels a) and b) of Figure 5 show the same diagnostic diagrams shown in Figure 4 , but with the spaxels colour-coded according to the maximum velocity dispersion measured for any of the individual kinematic components in that spaxel. , and all the spaxels with σ 250 km s −1 lie in the LINER region of the diagnostic diagram. The combination of LINER-like line ratios and high ionized gas velocity dispersion is indicative of shock excitation. The lower velocity dispersion components in the Seyfert region of the diagnostic diagram are likely to be ionized by the AGN radiation field. We therefore conclude that star formation, shock excitation and AGN activity all contribute significantly to the observed spectra in the nuclear region of NGC 613.
SEPARATING STAR FORMATION, SHOCK EXCITATION AND AGN ACTIVITY
In Section 2.3, we showed that the variations in line ratios across the nuclear region of NGC 613 can be explained by mixing between emission associated with star formation, shock excitation and AGN activity. Here, we build on this result and suggest that the extinction corrected emission line fluxes (line luminosities) of the observed spectra are well represented by linear superpositions of the line luminosities of a single set of three representative basis spectra -an H II region spectrum, an AGN NLR spectrum and a shock excited spectrum. To test this scenario, we first describe how to select these basis spectra, and then use the technique presented by Davies et al. (2016) to separate the line luminosities of the observed spectra into contributions from star formation, shock excitation and AGN activity. Finally, we compare the derived star formation, shock and AGN components to independent tracers of these ionization mechanisms at other wavelengths.
Selection of Basis Spectra
The S7 spectra of NGC 613 show evidence for ionization by star formation, shock excitation and AGN activity (see Section 2.3), and therefore we require one basis spectrum associated with each of these ionization mechanisms. We empirically select basis spectra as illustrated in Figure 6 . The diagnostic diagrams are populated with line ratios calculated from the emission line fluxes of individual kinematic components within individual spaxels. Multiple kinematic components arise when emission associated with several different physical processes is superimposed along the line of sight. Therefore, selecting the basis spectra using line ratios extracted from the fluxes of individual kinematic components of individual spaxels minimises the level of contamination from emission associated with other ionization mechanisms. The pink squares, triangles and circles indicate the line ratios of the basis spectra chosen to represent pure star formation, AGN activity and shock excitation, respectively. Each basis spectrum has line ratios consistent with ionization by a single mechanism.
We note that the basis spectra themselves are each superposi- tions of many spectra associated with the relevant ionization mechanism. The spatial resolution of our observations (∼190 pc) is an order of magnitude or more larger than the typical size of an H II region, and therefore the H II region basis spectrum is likely to be a luminosity-weighted mean of many individual H II region spectra. Similarly, the AGN NLR and shock excited basis spectra are likely to be superpositions of emission associated with multiple gas clouds superimposed along the line of sight.
Decomposition Method
We assume that the luminosity L of any emission line i in the spectrum of any spaxel j from the integral field datacube of NGC 613 can be expressed as a linear superposition of the line luminosities of the H II region basis spectrum, the shock excited basis spectrum and the AGN NLR basis spectrum:
Here Li(HII), Li(AGN) and Li(shock) are the luminosities of the H II region, AGN NLR, and shock excited basis spectra, respectively, in emission line i. The coefficient m(j) is the ratio of the SFR calculated from spectrum j to the SFR calculated from the H II region basis spectrum. Similarly, n(j) and k(j) are the ratios of the AGN and shock luminosities calculated from spectrum j to the luminosities calculated from the AGN NLR and shock excited basis spectra, respectively. The superposition coefficients m(j), n(j) and k(j) vary between spectra but are the same for all emission lines within a given spectrum.
We use Equation 1 and the basis spectra described in Section 3.1 to separate the total emission line luminosities (summed across all kinematic components) of individual spaxels of NGC 613 into contributions from star formation, shock excitation and AGN activity. Prior to decomposition, we correct the emission line fluxes of all spectra (the basis spectra and the spectra of individual spaxels) for extinction using the Balmer decrement, assuming an intrinsic Hα/Hβ ratio of 2.86 and adopting the Fischera & Dopita (2005) We perform the decomposition using the total line luminosities of individual spaxels (rather than the luminosities of individual kinematic components within those spaxels) to maximise the S/N on each emission line. We only perform the decomposition on spaxels for which all five diagnostic lines are detected to at least the 5σ level (where the S/N is calculated for the flux summed across all kinematic components). For each spaxel, we calculate the superposition coefficients by performing least squares minimisation on Equation 1 applied to the extinction-corrected fluxes of the four strongest emission lines in our data (Hα, 
[N II], [S II] and [O III]).
The three basis spectra are normalized to an Hα luminosity of 1 to ensure that the least squares minimisation is primarily sensitive to the relative (rather than absolute) fluxes of the emission lines. The extinction correction fixes the Hα/Hβ ratio and therefore including Hβ in the minimisation would not provide any additional constraints on the superposition coefficients.
RESULTS

Accuracy of Recovered Luminosities
We use the superposition coefficients (m(j), n(j) and k(j)) derived as described in Section 3. 
Fractional Contributions of Ionization Mechanisms as a Function of Diagnostic Line Ratios
The most fundamental test of our decomposition method is to check that the fraction of emission attributed to each ionization mechanism varies smoothly as a function of the diagnostic line ratios, peaking at the line ratios of the relevant basis spectrum and decreasing as the line ratios become closer to those of the other basis spectra. Figure 8 The H II region, AGN NLR and shock basis spectra are indicated by pink squares, triangles and circles, respectively. The spectra are colour-coded by the fraction of Hα emission attributable to AGN activity (left panels), shock excitation (middle panels) and star formation (right panels), as determined by our spectral decomposition.
Mapping Emission Associated with Different Ionization
Mechanisms across NGC 613 The 4.89 GHz emission appears to have a composite structure, consisting of a nuclear jet and a star forming ring (seen previously in the radio by Hummel et al. 1987 and Jorsater 1992 and in the infrared by Falcón-Barroso et al. 2014) . We further investigate the physical origins of these radio structures by using Australia Telescope Compact Array (ATCA; Frater, Brooks & Whiteoak 1992 ) data to construct a map of the 4.6-8.1 GHz spectral index. (A description of the ATCA observations, data reduction and processing can be found in Appendix A). Figure 10 shows the spectral index map with contours of the VLA 4.89 GHz emission overlaid in black. We find clear regions of flatter spectral index along the eastern and western ridges of the image, close to the star-forming ring structure that is observed in the VLA image, although the western ridge is noisier. The mean spectral index value on the eastern side is α = -0.1 ± 0.2 and the mean spectral index in the western side is α = -0.2 ± 0.3, consistent with free-free emission from H II regions. On the other hand, the mean spectral index along the jet is α = -0.96 ± 0.09, consistent with optically thin synchrotron jet emission. The ATCA data therefore confirm the presence of the star-forming ring and nuclear jet structure seen in the VLA data.
In the following sections we use the high spatial resolution VLA radio images and the decomposed WiFeS emission line maps to infer the physical origin and luminosity of the emission associated with star formation, shock excitation and AGN activity in the central region of NGC 613.
AGN Activity
Panels b) and f) of Figure 9 show maps of the Hα and [O III] emission associated with AGN activity. The optical line emission excited by the AGN ionizing radiation field is distributed in two clumps on opposite sides of the galaxy nucleus. The clumps are aligned with the nuclear radio jet structure, and are therefore likely to trace parts of an AGN ionization cone. This ionization cone is thought to consist of material entrained in an AGN driven outflow (see e.g. Condon 1987; Hummel et al. 1987; Hummel & Jorsater 1992) .
The [O III] luminosity attributable to AGN accretion is (7.34±0.93)×10
39 erg s −1 , which corresponds to an AGN bolo- metric luminosity of L bol,AGN = 4.0×10 42 erg s −1 (using a bolometric correction factor of 600; Kauffmann & Heckman 2009 ). We test the accuracy of this bolometric luminosity estimate by comparing it to the AGN bolometric luminosity calculated from the hard X-ray (2-10 keV) emission, of which the vast majority is expected to be associated with AGN activity. NGC 613 has a 2-10 keV luminosity of 8.92×10
40 erg s −1 (using the flux measured by Castangia et al. 2013 and a distance of 26.4 Mpc), which corresponds to an AGN bolometric luminosity of L bol,AGN = 1.6×10
42 erg s −1 (using an average bolometric correction factor of 20; Vasudevan et al. 2010 
Shock Excitation
Panels c) and g) of Figure 9 show maps of the Hα and [O III] emission associated with shock excitation. The peak of the optical line emission associated with shock excitation is coincident with the peak of the compact jet structure seen at 4.89 GHz. Figure 11 shows maps of the fractional contribution of shock excitation to the Hα emission in each spaxel (left), and the maximum velocity dispersion measured for any of the kinematic components in each spaxel (right). Black contours trace the Hα emission associated with shock excitation (as seen in panel c of Figure 9 ) at levels of 10, 30, 50, 70 and 90 per cent of the peak luminosity. Black asterisks indicate the location of the shock emission peak.
The shock emission peak is characterised by a high ionized gas velocity dispersion (σ 300 km s −1 ), and the fractional contribution of shocks to the Hα emission is relatively high (f shock ∼ 30-50 per cent). Strong H2 and [Fe II] emission have been previously observed in the central ∼1 × 1 arcsec 2 region of NGC 613 (Falcón-Barroso et al. 2014) , providing independent confirmation of the presence of shocks. The velocity dispersion generally remains elevated (σ 100 km s −1 ) to the NE and SW of the nucleus where the two lobes of the AGN ionization cone are observed. The shock fraction increases moving off the disk of the galaxy (peaking at ∼80 per cent to the NE of the nucleus) as the emission from H II regions fades. The shock emission in the high shock fraction (f shock 30 per cent) regions is likely to trace the outer boundary of the AGN ionization cone where outflowing material is interacting with the surrounding interstellar medium (Falcón-Barroso et al. 2014; Hummel et al. 1987; Hummel & Jorsater 1992) .
The Hα luminosity associated with the high velocity dispersion (σ 100 km s −1 ) shock excited material is (4.00±0.19)×10
40 erg s −1 , corresponding to a shock luminosity of ∼7-24×10
41 erg s −1 (depending on the shock velocity and the fraction of hydrogen that is pre-ionized; Rich et al. 2010 ). The nuclear radio jet is transferring a significant amount of energy to the interstellar medium with which they are interacting, and this energy is being radiated away in the emission we observe. 
Star Formation
Star formation is the dominant source of Hα emission and a significant source of [O III] emission across the nuclear region of NGC 613. The peak of the line emission associated with star formation is coincident with the south eastern shock emission peak and is likely to be associated with the nuclear star forming ring.
The line emission associated with star formation generally originates from the regions with the strongest stellar continuum emission. Figure 12 The Hα luminosity associated with star formation is (5.28 ± 0.59)×10
41 erg s −1 , which corresponds to an SFR of 4.15 ± 0.47 M yr −1 (Kennicutt 1998) . We compare this SFR to the SFR calculated from the 12µm emission over the same region. The 12µm Wide-field Infrared Survey Explorer (WISE) band (W3) covers a strong polycyclic aromatic hydrocarbon (PAH) feature at 11.3µm. PAHs are excited by radiation from young massive stars and therefore trace active star formation. We use convolution kernels from Aniano et al. (2011) to convolve the image of the Hα luminosity associated with star formation (HαSF ) to the same PSF as the 12µm image, and then calculate the total HαSF flux and the total 12µm flux density within the WiFeS FOV. We convert the HαSF and 12µm luminosities to SFRs using the calibrations of Kennicutt (1998) and Cluver et al. (2014) , respectively. The SFR calculated from the convolved HαSF image is 2.88 ± 0.40 M yr −1 , in close agreement with the 12µm SFR of 2.63 ± 0.09 M yr −1 . The SFR calculated from the convolved HαSF image is lower than the SFR calculated from the unconvolved image because the smoothing moves flux outside the boundary of the WiFeS FOV. Star formation is the dominant source of Hα emission in the nuclear region of NGC 613, and therefore the calculated SFR does not change significantly if the total Hα emission is used rather than the Hα emission associated with star formation.
CAVEATS
The relative luminosities of the emission lines used in the decomposition are primarily determined by the relative contributions of different ionization mechanisms to the line emission, but are also sensitive to the metallicity and ionization parameter of the ionized gas (Groves, Dopita & Sutherland 2004; Allen et al. 2008; Dopita et al. 2013 ). The spectra analysed in this paper are extracted from the central ∼ 3 × 3 kpc 2 region of NGC 613, over which the metallicity is not expected to vary by more than 0.05 dex (Ho et al. 2015) . However, integral field studies of AGN host galaxies over larger spatial regions could probe much wider ranges in the metallicity and/or ionization parameter, potentially increasing the scatter in the diagnostic line ratios, and leading to discrepancies between the measured line luminosities and the luminosities obtained from the best-fit linear superpositions of the basis spectra line luminosities. We emphasise that the results of the decomposition should only be used if the best-fit luminosities are consistent with the measured luminosities for the vast majority of spaxels.
Dust attenuation can significantly impact the derived spatial distributions of the emission associated with each of the ionization mechanisms. Our decomposition method can only be applied to spectra for which all five diagnostic emission lines (Hα, Hβ, [N II], [S II] and [O III]) are detected at the 5σ level. Strong dust attenuation in some regions of AGN host galaxies may inhibit the detection of some or all of these emission lines, and therefore prevent the underlying emission associated with star formation, shock excitation and/or AGN activity from being recovered.
The spatial resolution of the observations directly determines the spatial resolution of the final decomposed emission line maps. Small changes in the spatial resolution can significantly impact our understanding of the physical origin of the emission associated with each of the ionization mechanisms. The NGC 613 data used in this paper have a relatively high spatial resolution of ∼190 pc, and any features in the emission line maps on physical scales larger than this can be robustly detected. We repeated the analysis presented in this paper on older, lower quality WiFeS observations of NGC 613 with a spatial resolution of 2.2 arcsec (∼280 pc). The double peak in the shock emission map (seen in panels c and g of Figure 9 ) is not recovered in the lower spatial resolution observations, making it impossible to distinguish between the supernova shocks in the vicinity of the nuclear star forming ring and the more energetic shocks associated with the AGN driven outflow.
High spatial and spectral resolution observations are key for selecting basis spectra with minimal contamination from emission associated with other ionization mechanisms. The higher the spatial resolution, the smaller the number of ionizing sources contributing to the line emission in each spaxel. The higher the spectral resolution, the more kinematic components it is possible to robustly detect in each spaxel and the lower the degree of mixing between emission associated with different ionization mechanisms within the spectrum of each kinematic component. Our red channel spectra of NGC 613 have a spectral resolution of R∼7000 (43 km s −1 ), which is only a factor of two to a few larger than the velocity dispersions typical of local H II regions (e.g Epinat et al. 2010; Green et al. 2014) . The high spectral resolution of our data allow us to separate emission associated with different physical processes across much of the central region of the galaxy. Reducing the spectral and/or spatial resolution of the NGC 613 observations would increase the degree of contamination in the basis spectra and therefore reduce the accuracy of the decomposition. We note that, despite the high spectral and spatial resolution of our data, the basis spectra used in the decomposition are very likely to have a small amount of contamination from emission associated with other ionization mechanisms.
maps to independent tracers of each ionization mechanism at other wavelengths. We find that:
• The line emission associated with the AGN forms an ionization cone which is aligned with the nuclear radio jet. The AGN bolometric luminosity calculated from the AGN component of the [O III] emission is in close agreement with the bolometric luminosity calculated from the 2-10 keV X-ray emission.
• The star formation component traces the B-band stellar continuum emission of the galaxy. The SFR peaks in the south-eastern region of the nuclear star forming ring seen at radio frequencies. The total SFR for the nuclear region of NGC 613, calculated from the star formation component of the Hα emission, is in close agreement with the SFR calculated from the 12µm WISE emission over the same region.
• The peak of the line emission associated with shock excitation is cospatial with the peak of the nuclear radio jet emission and with regions of strong H2 and [Fe II] emission and high ionized gas velocity dispersion (σ ∼ 300 km s −1 ). The regions with the highest shock fractions (f shock ∼ 30-50 per cent) are likely to trace the outer boundary of the AGN ionization cone where outflowing material may be interacting with the surrounding ISM.
The ability to separate emission associated with star formation, shock excitation and AGN activity will facilitate investigations into the ISM conditions and the interplay between different ionization mechanisms in the most complex and rapidly evolving astrophysical systems in the universe. The Hα luminosity of the star formation component can be directly converted to the SFR and SFR surface density, the Hα luminosity of the shock component can be converted to the shock luminosity and the [O III] luminosity of the AGN component can be converted to the AGN bolometric luminosity. The ability to calculate all of these quantities within individual spatially resolved regions of galaxies will facilitate detailed investigations of how the star formation efficiency is impacted by the compression of gas along shock fronts and by the AGN ionizing radiation field. Our results highlight the power of combining traditional emission line ratio diagnostic diagrams with integral field data.
(AIPS). For each frequency dataset, the split file used for the imaging was created after binning the 2049 initial channels into 256 channels. Both phase-only and phase + amplitude self-calibration were carried out. The 4.6 and 8.1 GHz images were convolved with circular beams of size 3 arcsec, and flux density values below 4 sigma were blanked out before creating the final spectral index image. The 4.6 GHz image has a peak surface brightness of 13.03 mJy beam −1 , an RMS error of 0.23 mJy beam −1 and a total flux density of 39.94 mJy. The 8.1 GHz image has a peak surface brightness of 7.31 mJy beam −1 , an RMS error of 0.15 mJy beam −1 and a total flux density of 24.04 mJy. We did not detect any linear polarized flux density in either Stokes Q or U down to 5σQU = 250 µJy beam −1 .
